Introduction
Nucleic acids such as proteins, amino acids, lipids and carbohydrates are located, as the basic components of animal cells, plant cells and microorganisms, in many cellular organelles. In eukaryotic organisms, deoxyribonucleic acid (DNA) is found in the cell nucleus, mitochondria and chloroplasts, while ribonucleic acid (RNA) occurs mainly in the cytoplasm of the cell. In prokaryotes such as bacteria and archaea, DNA is also found in the cytoplasm of the cell. Nucleic acids play an important role in storage, transfer and incorporation of genetic information into the cell. DNA contains the genetic codes to make RNA, while RNA contains the codes for the primary sequence of amino acids for protein synthesis, which plays a fundamental role for living creatures (Campbell & Farrell, 2009) . Fundamental vital processes occur at the molecular level, therefore research methods allowing for investigation of molecular processes are crucial in their understanding. Vibrational (Infrared and Raman) Spectroscopy i s u s e d t o o b t a i n b o t h s t r u c t u r a l a n d conformational information of biological systems, including amino acids, proteins and lipids (Barth, 2007; Byler & Susi, 1986; Cie lik-Boczula et al., 2007; Murawska et al., 2010; Murayama et al., 2001; Szwed et al., 2010; Szyc et al., 2008; Wolpert & Heellwig, 2006; Wu et al., 2002) . Raman spectroscopy seems also to be a very powerful tool for the study of stressinduced molecular changes in both natural and synthetic polymers (Amer, 2009; Koening, 2001) . This technique has been applied for such tissues as tendon, blood vessel walls and skin. Simple correlation between the Raman spectroscopic data and mechanical relations can be established (Hanuza et al., 2009; Winchester et al., 2008) . Temperature, pH, presence of salts, electromagnetic radiation exposure and organic solvents modify biological compounds, inducing specific conformational changes which are relevant for the understanding of their functions (Parker, 1983) . Vibrational spectroscopy has been applied to study cells or molecules in tissues changed by various factors. It is therefore frequently used as a diagnostic tool in pharmacy (Wartewig & Neubert, 2005) , in cancer research (Amharref et al., 2007; Li et al., 2005) , in neurological disorders and diseases of the cardiovascular system (Pysz et al., 2010) and in bone diseases (Fuchs et al., 2008) , as well as in Alzheimer's disease (Griebe et al., 2007) . It allows the progress of these diseases and the effectiveness of therapy to be monitored. It is necessary to use measuring techniques which make it possible to reach the micro-and even nanoareas of tissue or enable the structure and properties of single molecules to be examined. One of the most important infrared spectroscopy methods used in studies of biological systems is Attenuated Total Reflection (ATR) Fourier Transform Infrared (FTIR). The ATR accessory operates by measuring the absorption when a totally internally reflected infrared beam comes into contact with a sample. This technique provides a powerful and sensitive approach able to reveal changes in the biochemical properties of biomedical samples studied at the molecular level (Olsztynska et al., 2006a; Olsztynska et al., 2001) . It enables study of the relative concentrations of individual components of tissue and inter-or intramolecular interactions between them. Many substances in the solid and liquid state can be characterized, identified and also quantified by FTIR-ATR spectroscopy (Heise et al., 2002) . Studies of tissue can be carried out on thin sections with a thickness of several micrometers. In the case of liquid samples a few micro litres of fluid are sufficient for measurements. Typically, tissue samples are collected during a biopsy, endoscopy or puncture, or from intraoperative material used for this purpose. One of the key advantages of FTIR-ATR is that studies can be conducted on a small amount of biomedical material. Another is not needing to use additional reagents or biological markers, which significantly reduces sample preparation time and reduces the cost of analysis. Research material downloaded without fixation, dyeing and additional chemical treatment can be almost immediately analysed. FTIR with an ATR accessory has shown to be a very valuable tool in pharmaceutical (McAuley et al., 2009 ) and polymer (Licoccia et al., 2005) applications. Tissue or tissue components having been characterized by FTIR-ATR spectroscopy are human hair (Chan et al., 2005) , biological fluids including blood (Damm et al., 2007; Heise et al., 1989) , and cancer tissue (Sun et al., 2003) .
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in aqueous solution in the range 1800-500 cm -1 . The IR spectra of glycine in aqueous solutions obtained in the pH range 0.2-14 allow charge distribution on the molecule to be determined (Max et al., 1998) . For example, presented in Figure 1 are the FTIR-ATR spectra of different AAs, i.e. L-glycine (Gly), L-alanine (Ala) and L-phenylalanine (Phe), in aqueous solution obtained in the region 1800-800 cm -1 . Tentative assignments of the main infrared bands of these three AAs are summarized in Table 1 
Proteins
There are several experimental methods available for determination of protein secondary structure, such as circular dichroism (CD) (Shanmugam & Polavarapu, 2006) , nuclear magnetic resonance (NMR) , X-ray scattering and diffraction , calorimetry and fluorescence (Gelamo et al., 2002) , diffuse reflectance (DR) (Ishida & Griffiths, 1993) , electron paramagnetic resonance ESR (Gelamo et al., 2004) , Raman (Bolton & Scherer, 1989) , near infrared (NIR) (Wu et al., 2000) and IR spectroscopy (Cai & Singh, 1999; Grdadolnik & Maréchal, 2001a & 2001b Jackson et al., 1989; Maréchal, 2004 Maréchal, & 2003 van de Weert et al., 2001; Zhang & Yan, 2005) . The last has for many years been a promising technique for the determination of the secondary structure of proteins in that some peptide vibrations are sensitive to conformation (Harris & Chapman, 1992; Jackson & Mantsch, 1995) . In particular, FTIR-ATR has recently been applied for rapid analysis (Jeyachandran et al., 2009; Pevsner & Diem, 2001; Smith et al., 2002; Wang et al, 2003) .
Of particular interest in interpreting infrared spectra of proteins are the amide I, II and III bands. These can be described as a function of backbone coordinates, as shown in Table 2 . The three amide bands are usually a superposition of several individual components of the different secondary structure elements. It is possible to identify them only with the mathematical procedures for band resolution, i.e. derivative spectroscopy (Zhang & Yan, 2005) and Fourier self-deconvolution (Byler & Susi, 1986) . The component bands can be assigned to specific secondary structures, such as α helix, sheet, turns or random coil (Byler & Susi, 1986) . Frequencies of amide I vibrations for the most popular secondary structures are collected in Table 3 . Most methods used to determine the secondary structure of peptides and proteins concentrate on an analysis of the amide I (Dong et al., 1990) , amide I and II (Dousseau & Pézolet, 1990) , or amide III bands (Cai & Singh, 2004; Fabian & Mäntele, 2002; Fu et al., 1994) . Selected as a model protein was bovine serum albumin (BSA), which belongs to a major class of animal proteins. BSA is free of prosthetic groups and other complicating factors, and its primary, secondary and tertiary structure has been well-characterized. When FTIR-ATR spectroscopy is combined with derivative and difference spectroscopy procedures, it is possible to monitor even small changes in the conformation of a BSA protein in aqueous www.intechopen.com solution affected by any factor. The FTIR-ATR spectra of BSA in an aqueous solution with concentrations of 10 wt % are presented in Figure 2 in the range of the three amide bands. Fig. 2 . FTIR-ATR spectra in the region 1800-1100 cm -1 of BSA in aqueous solutions at different concentrations (10, 15, 20, 25, 30, 35 and 40 wt %) . The spectra were constructed using the water spectrum as the background. The spectra are shifted in absorbance for clarity.
Secondary
FTIR-ATR spectroscopy was applied to study the effect of pH and metal ions on the conformation of BSA in aqueous solution (Qing et al., 1996) . Small effects of binding with metal ions can also be detected by the splitting of the conformation-sensitive amide I band (Ahmed & Tajmir-Riahi 1993; Prestrelski et al., 1991) . Ozaki's group investigated pH and heat-induced changes in the secondary structures of human serum albumin (HSA) and in the hydrogen bondings of side chains by two-dimensional/ATR correlation spectroscopy (Wu et al., 2002; Murayama et al., 2001) . The ATR technique has been also used for investigation of protein films, including thin hydrated films of soluble and membrane protein in a phospholipid bilayer (Goormaghtigh et al., 1990) .
DNA
Raman and IR spectroscopies can be used to examine both short oligonucleotides and large structures of DNA. It is possible to study DNA samples in a solution, dehydrated fibre, film or crystalline form (Prescott et al., 1984; Taillandier et al., 1989; Taillandier & Liquier, 1992) . Different factors, such as temperature, pH (Tajmir-Riahi et al., 1995) , varying hydration (Falk et al., 1963; Lee et al., 2004; Pevsner & Diem, 2003; Tao et al., 1989) and ionic strength (Keller & Hartman, 1986; Taillandier et al., 1989 , Taillandier & Liquier, 1992 , affect the physical state of DNA samples.
IR spectroscopy
Vibrational spectroscopy is one of the main methods used to determine the secondary structures of A, B, C, D and Z-DNA forms (Banyay et al., 2003; Pohle & Fritzsche, 1980; Rauch et al., 2005; Taboury et al., 1985; Taillandier et al., 1989) . IR spectroscopy can also be used successfully to study conformational changes during B→A and B→Z transitions (Adam et al., 1986; Pilet & Brahms, 1973; Taboury et al., 1985; Taillandier et al., 1989; Taillandier & Liquier, 1992) and DNA denaturation (Banyay et al., 2003; Lee et al., 2004) . The IR spectra of DNA show many characteristic bands, which are sensitive to denaturation, dehydration and conformational transition. Table 4 shows the main IR absorption bands observed during the melting of DNA and transformation between B and A (or Z) forms. IR also allows single-stranded, double-stranded and triple-stranded chains of DNA to be distinguished (Banyay et al., 2003; Taillandier & Liquier, 1992) . In the literature there are plenty of data on the conformational changes induced by pH or temperature changes (Lee et al., 2004; Tajmir-Riahi et al., 1995) , dehydration (Falk et al., 1963; Lee et al., 2004) (Hackl et al., 2005; Matsui et al., 2009 ). IR spectroscopy is also a powerful technique in investigating the interaction of DNA with drugs (Taillandier & Liquier, 1992) . The IR spectrum can be divided into four characteristic spectral ranges. Absorbed in the range 1800-1500 cm -1 are bands related to the C=O, C=N, C=C and N-H stretching vibrations of bases. These bands are sensitive to changes in the base stacking and base pairing interactions. Bands occurring in the interval 1500-1250 cm -1 assigned to vibrations of the bases and base-sugar connections are strongly related to the conformational changes of the backbone chain and glycosidic bond rotation. The range 1250-1000 cm -1 involves sugarphosphate vibrations, such as PO 2¯ symmetric and asymmetric stretching vibrations and C-O stretching vibrations. These vibrations show high sensitivity to conformational changes in the backbone. The range 1000-800 cm -1 is characteristic for bands associated with vibrations of sugars which correlate with the various nucleic acid sugar puckering modes (C2'-endo and C3'-endo) (Adam et al., 1986; Banyay et al., 2003; Lee et al., 2004; Parker, 1983; Pevsner & Diem, 2003; Taillandier et al., 1989; Taillandier & Liquier, 1992) . It is worth mentioning that IR spectroscopy applied to nucleic acids gives structural information comparable to that obtained from X-ray crystallography or high resolution NMR. In addition, this method compared to the aforementioned techniques allows examination of the samples in various states. Table 4 . Changes in the position of IR bands observed for melting of DNA, B→A and B→Z transitions. A plus (or minus) sign indicates a band which gained (or lost) appreciable intensity during melting.
B form

Raman spectroscopy
Raman spectroscopy allows study of the structure of individual groups of atoms and provides information on the conformational changes taking place in macromolecules. Moreover, it is possible to monitor the denaturing processes (transition from ordered double stranded to a disordered single-stranded helix) and the B→A and B→Z conformational changes (Duguid et al., 1996; Erfurth & Peticolas, 1975; Prescott et al., 1984; Taillandier et al., 1989) . Collected in Table 5 are the main Raman lines observed during the melting process and the B→A (Z) transitions. This technique also enables examination of the structural changes of DNA caused by radiation (Synytsya et al., 2007) , temperature and pH change (Duguid et al., 1996; Erfurth & Peticolas, 1975; O'Connor et al., 1982) and the addition of metal ions or organic compounds (Duguid et al., 1993; Langlais et al., 1990; Martin et al., 1978; Martin et al., 1982) . The Raman spectrum can be divided into characteristic spectral regions. The dominated band in the range 1800-1600 cm -1 at 1668 cm -1 is assigned to coupled C=O stretching and N-H deformation modes of dT, dG and dC, which is very sensitive to the denaturation process. Located in the interval 1600-1200 cm -1 are bands associated with purine and pyrimidine ring vibrations. The bands are shaped by conformational transition and melting process. In addition, they are perturbed by metal binding at ring sites and are sensitive indicators of electronic structure changes of the ring. The symmetric PO 2¯ band near 1092 cm -1 is correlated with changes in the electrostatic environment of the phosphate group. The bands in the range 1100-800 cm -1 characterize the backbone geometry and secondary structure. The region 800-600 cm -1 includes bands which are sensitive to nucleoside conformation. The transition near 750 cm -1 is assigned to C2'-endo/anti conformers of thymidine (Duguid et al., 1993; Erfurth & Peticolas, 1975; Prescott et al., 1984; Taillandier et al, 1989) . Raman spectra of nucleic acids in aqueous solution are not perturbed by water absorption, thus Raman spectroscopy can be used successfully to study both solids and aqueous solutions of DNA.
B form
The primary and secondary action of Near Infrared Radiation on biological materials. Spectrophotometric study 2.4.1 Introduction
Phototherapy is one of the oldest therapeutic methods; initially known as solar therapy, later light therapy and low power laser therapy. Light therapy has been used for more than forty years to promote healing, reduce pain and inflammation and prevent tissue death. Light irradiation as a local phototherapeutic modality is characterized by its ability to induce non-thermic, nondestructive photobiological processes in cells and tissues. A variety of studies both in vivo and in vitro have shown that light irradiation has a significant influence on cell functional state. The response of light action is biphasic following irradiation both in vitro and in vivo. The so-called Arndt-Schultz curve of energy dose versus the response reveals that low doses of energy stimulate cell and tissue processes, while high energy doses reverse the stimulation and lead to inhibition.
Results of experiments in vitro and in vivo on isolated cells as well as on animals and humans are ambiguous. Despite many investigations on the subject, the therapy remains controversial largely due to uncertainties about the fundamental molecular and cellular mechanisms responsible for transducing signals from the photons incident on the cells to the biological effects that take place in the tissues illuminated. Different explanations based on light absorption by primary endogenous chromophores (mitochondrial enzymes, cytochromes, flavins and porphyrins) have been proposed to describe the biological effects of light. However, a precise theory concerning the therapeutic effects of light biostimulation has not been developed. NIR radiation is widespread in medicine, both in therapy and diagnostics. It is recognized that NIR light is used to accelerate wound healing processes, reduce inflammations, support central nervous system regeneration, promote vascular and lymphatic microcirculation, stimulate the immune system and reduce and control pain (Eells et al., 2004; Posten et al., 2005; Sieron et al., 1994) . Between 600 and 1200 nm is the so-called "therapeutic window" used in phototherapy. Radiation from this region is absorbed mainly by several tissue components, including water, glucose, hemoglobin, lipids, amino acids, proteins and nucleic acids (Olsztynska-Janus et al., 2008) . The effect of NIR radiation on biological systems was investigated using the example of erythrocytes and liposomes (Chludzińska et al., 2005; Komorowska et al., 2002a; Komorowska et al., 2002b; Komorowska & Czyżewska, 1997) . Radiation in this range reduces the ability of cells and liposomes to aggregate. Exposure to NIR decreases the rate of hemolysis with increasing resistance of the membranes, which in turn is associated with increased flexibility and mechanical strength of erythrocyte membranes. NIR radiation protects them from oxidative stress, and thus affects the stabilization of the aging process of erythrocytes.
We attempted to resolve the molecular mechanism of the photochemical and therapeutic action of light in the NIR region in vivo and in vitro on the basis of results from spectrophotometric study of such molecules as amino acids, proteins and DNA.
NIR action on the amino acid phenylalanine
In order to explain the process undergone following exposure to NIR, a simple object was studied, in this case phenylalanine amino acid (Olsztynska-Janus et al., 2009; OlsztynskaJanus et al., 2008) . The FTIR-ATR spectra of L-phenylalanine aqueous solutions were measured between 4000 and 700 cm -1 . Quantum chemical calculations, performed in parallel, made it possible to propose the primary and secondary process induced by the NIR irradiation. According to the results obtained, the interaction between two identical amino acids involves hydrogen bonding -C=O···HOOC-, which leads to cyclic dimers analogous to those formed by carboxylic acids (Olsztynska et al., 2003) . The dimer formation is preceded by conformational changes of the amino acid. The greatest possible is the trans/cis transition. As a consequence of dimer formation, the pKa values of the amino acid can be shifted ( Figure 3 , Table 6 ) (Olsztynska et al., 2006b ). Fig. 3 . NIR effect on conformational changes of phenylalanine zwitterion (ZW) due to trans/cis isomerization (T g /C t ), dimer formation and shifts of pKa values (see Table 6 ). Table 6 . pKa values of phenylalanine before (dark) and after NIR irradiation. Δ pKa is the difference between pKa (pKa Phe(NIR) -pKa Phe(Dark) ).
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NIR action on DNA
Mathematical techniques used to study changes in spectroscopic data
2.4.3.1a Principal components analysis (PCA)
According to Brereton, "PCA is probably the most widespread multivariate chemometric technique … that most significantly changed the chemist's view of data analysis." (Brereton, 2003) . In the literature there are many examples of application of PCA as an efficient tool supporting medical diagnosis, where the DNA bands have important contributions (Ly et al., 2009; Owen et al., 2006; Petrich, 2001; Wood et al., 2000) . PCA is an abstract transformation of the original data X matrix with m rows and n columns, and with each wavenumber (variable) being a column and each spectrum (sample) a row, into a sum of 11 k t and p vectors. tp from X . The number of principal components (PCs) that can adequately describe variations in the raw data X is equal k . In general, the raw data can be adequately described using far fewer factors than original variables. The reduction of the large amount of original data to a much smaller, more manageable dataset is a major advantage of PCA. This method provides great potential for the visualization of relations between samples and variables against PCs. Score plots allow many different questions on the relationships between objects to be answered. Loading plots provide detailed information about which wavenumbers are most associated with which object. PCA also provides an answer to the question of grouping samples into clusters. Measurements of distances between samples allow the number of clusters and similarity of objects inside the clusters to be determined.
2.4.3.1b Two-dimensional correlation spectroscopy
To the question "Vibrational spectroscopy: a 'vanishing' discipline? Meier answers that "… compared to the past, a shift in applications has taken place, bringing new opportunities. This is partly due to the introduction of new features, including … 2D correlation spectroscopy (Meier, 2005) . Specific applications of vibrational spectroscopy in biomedical engineering can be also enhanced substantially by application of the 2D correlation technique, which will be shown in the next section. A detailed introduction to the subject of 2D correlation spectroscopy is beyond scope of this work and therefore is kept to a minimum. Readers interested in this technique are referred to the monograph published in 2004 (Noda & Ozaki, 2004 ) which remains as the most authoritative reference source in this field. Recently, to mark the Fifth International Symposium on Two-Dimensional Correlation Spectroscopy (2DCOS-5) held in Wrocław, Poland in August 2009, a comprehensive review on research aided by 2D correlation spectroscopy was compiled by Noda (Noda, 2010) . It covers the period between 2007 and 2009, with many different examples discussed, also analysis of which was substantially improved thanks to application of the 2DCOS method. Generally speaking, the 2DCOS is recognized as a very efficient procedure for enhancement of the spectral resolution of a broad absorption envelope that hides bands assigned to vibrations having a different response to a perturbation applied. The 2DCOS calculations begin with arrangement of the measured data into the X matrix. In the majority of cases the 2D calculations are preceded by subtraction of the reference spectrum of the system from the raw-pretreated data. The result of the subtraction is called the dynamic spectrum ( Y ) because it presents the response of the system perturbed to the perturbation applied. If an averaged spectrum is chosen as the subtrahend, the dynamic spectra are identical to the mean-centered spectra and synchronous 2D correlation intensities ( 
Much useful information is available from synchronous and asynchronous spectra analyzed according to the guidelines popularly known as Noda's rules (Noda & Ozaki, 2004) . Some of the most important information provided is the sequential order of events observed using the spectroscopic technique along the external perturbation. It finds excellent application in many studies, allowing, for example, the evolution of the unfolding mechanism of polypeptides (Ashton et al., 2006 ) and proteins to be investigated . Whenever the correlated wavenumbers come from different spectral ranges the method is known as a heterospectral 2D correlation. Such modification of 2D correlation spectroscopy enhances the content and quality of spectral information in relation to that obtained with 2D homospectral correlation (Jung et al., 2000) .
2.4.3.1c Combined PCA-2DCOS analysis of the DNA films
Our previous research performed for aqueous solutions of herring sperm DNA irradiated by NIR light for periods of 5, 10 and 20 minutes revealed distinct differences for melting profiles obtained from UV and FTIR-ATR measurements (Szymborska-Małek et al., 2009a, b) . Most probably, properties of the water comprising a shell around DNA are modified during the irradiation in a manner dependent on the dose of NIR light exposure. According to results already obtained, the NIR-reshaped hydration shell leads to liposomes being more able to agglomerate (Komorowska et al., 2006) and to aggregation of L-phenylalanine (Olsztynska-Janus et al., 2009) . The aim of the present research is an analysis of the phenomenon for DNA with limited water content. The measurements were therefore performed for thin film samples obtained from solutions of DNA following water evaporation to a constant level. The effect of the NIR radiation is hard to discuss in detail without application of some pattern recognition method due to minute absorbance changes caused by temperature increase, as shown in Figure 4 . The profiles were so common across the four sets of data that it was not possible to distinguish differences between them by way of ordinary analysis. The spectra presented above are results of pretreatments performed in the following order:
• denoising by means of the coif-5 mother wavelet with a five-level decomposition and soft thresholding criterion; • the second order baseline correction at the same three anchor points; • the offset at 1810 cm −1 ; • normalization over the integral area calculated in the range analyzed, i.e. 1810-867 cm -1 . It is very important to apply the same procedures of pretreatment to all spectra subjected to PCA and 2DCOS calculations, which was strictly respected in the research presented. Applying PCA, the pattern between samples arising independently from temperature and NIR radiation can be successfully investigated. The bands sensitive to effects of base pairing and base stacking which are strongly overlapped and difficult to assign due to the widetype of measured DNA can be resolved substantially by 2DCOS analysis.
Here the main concepts of PCA and 2DCOS will be illustrated by the analysis of the four sets of the FTIR-ATR temperature-dependent spectra collected for the films of DNA samples obtained from DNA-buffer solutions irradiated for 5, 10 and 20 minutes by NIR light. The non-irradiated solution, treated as the control, was also subjected to the same temperature studies. For clarity the notations 5 NIR , 10 NIR , 20 NIR and 0 NIR will be used, respectively, for the samples. The spectral range selected for the PCA analysis is composed of many strongly overlapped bands attributed to different moieties of the DNA film which undergo very small variations with temperature increase. The primary purpose of the research has been to provide information on the influence of NIR radiation on DNA structure. In particular, the research was conducted for film samples where there is no absorption from water which very strongly overlaps with that originating from vibrations of different nucleobases. The bands are extremely sensitive to base stacking and base pairing interactions and are changed substantially during the thermal denaturation process. One of the main advantages of using PCA is its ability to convert the multivariate data to a simple graphical presentation. Among the many ways of visualizing PCs one of the simplest is that of the score of one PC against the other. Figure 5 illustrates the PC plot for the first two PCs, which together capture 86% of the spectral variance for the matrix comprising all of the four sets of data. The first PC captures the largest amount of variations in the data set, i.e. 73%, which are independent of the 13% of variations captured by the second PC. For the system studied, the two principal components adequately describe all of the variation in the spectra measured induced by both temperature changes and NIR radiation. Each circle in the loading plot represents the location of a spectrum projected into the plane defined by the pairs of first two principal component axes. The circles are differently colored to assist in distinguishing the samples exposed to NIR radiation at different periods of time. The loading plot very clearly show that the first PC captures the major absorbance changes induced by temperature increase, whereas the second PC captures the minor absorbance changes caused by NIR radiation. They are almost 6 times smaller than those induced by temperature. Analyzing the distribution of the samples against the first PC makes it easily noticeable that the 5 NIR , 20 NIR and 0 NIR for temperatures between 25 o C and 62 o C are characterized by positive scores, while negative scores relate to measurements performed at temperatures above 62 o C. For the 10 NIR sample the border between positive and negative scores is shifted from 62 to 68 o C. Distribution of scores against PC1 reveals that all samples undergo a very similar process of structural change due to temperature increase, excepting the fact that the extent of the change induced for the 10 NIR sample is smaller than for the others. The second PC that captures the remaining changes, not described by PC1, correlates with the period of NIR radiation. According to the analysis of the distribution of samples against the PC2, i.e. along the vertical axis, the whole data set should be divided into three clusters. The 10 NIR sample has more negative scores on PC2, the 0 NIR sample is almost uncorrelated with the period of NIR radiation, whereas the 5 NIR and 20 NIR are characterized by positive scores. Moreover, the slopes of the clusters reveal that the influence of NIR radiation on the absorbance changes decreases with temperature elevation, except in the case of the 10 NIR sample.
Loadings on PC 1 (73.08%), Loadings on PC 2 (13.31%)
Wavenumber ( The next step of PCA always involves examination of the loading plot to see which variables fulfil the conditions described by subsequent scores. Analysis of the loading plot shown in Figure 6 analyzed in the context of PC1 enable discrimination between absorbance changes at the two stages of heating resolved by scores values. This allows it to be determined that at the initial steps of heating, beginning at 25 o C, the more active bands are those at 1081, 1711, 1047 and 959 cm -1 . According to the literature data (Banyay et al., 2003; Parker, 1983; ) , the first is attributed to the ν s (PO 2¯) vibration and is sensitive to the changes in hydration pattern around the phosphate groups, whereas that at 1711 cm -1 relates to changes in base pairing as it arises from in-plane stretching modes of the C=O groups of paired bases. The band at 1047 cm -1 also reflects changes in hydration of backbone as it is mainly attributed to C-O skeletal vibrations of ribose. The last band at 959 cm -1 is assigned to ribose-phosphate skeletal motions. All of the changes indicate that a temperature increase from 25 o C to 60 o C causes changes in backbone configuration and in base pairing interaction for the low hydrated films. For higher temperatures it is mainly changes at 1000, 1632, 942, and 919 cm -1 which are manifested on the loadings distribution against PC1. All of the bands, except that at 1632 cm -1 , are characteristic of ribose-phosphate main chain vibration. The other arises from combined C=N and C=C vibration of base residues. The separation of the bands into the two groups according to sign of loadings reveals the separate character of conformational changes in the DNA dehydrated film at lower and higher temperatures. The phosphate groups generally very sensitive to changes in hydration properties also in dehydrated conditions undergo perturbation accompanied by base-pairing interaction changes. This process evolves below 60 o C, whereas above the temperature another begins, embracing the phosphodiester moieties and the aromatic rings of bases. An important fact is that the band assigned to the ν as (PO 2¯) vibration is almost totally insensitive to temperature changes. The loading plot reflects very clearly the differences in response of the symmetric and antisymmetric stretching vibrations for the PO 2¯ group with the temperature increase and the NIR radiation effect. The ν as (PO 2¯) band is sensitive to both varying hydration and orientation of the phosphate group, whereas the ν s (PO 2¯) is sensitive to orientation only (Parker, 1983) and changes in the dielectric environment around the phosphate group which are responsible more for its intensity variations than its shift (Pevsner & Diem, 2003) . As a consequence of their different sensitivity to hydration, the ν as (PO 2¯) is a characteristic marker for backbone conformational changes between B-and A-form, as the B-A transition is strictly correlated with deficiency of water in the hydration sphere of the phosphate groups. For the ν s (PO 2¯) its insensitivity to hydration involves a lack of influence on its position by the B-A transition, but its intensity could be influenced by subtle changes in the local polarity. Examination of the loading plot against the second PC2 allows bands for which absorbance is correlated with dose of NIR radiation to be selected. For the 10 NIR sample most characteristic are the two stretching bands arising from vibration of the PO 2¯ group and bands assigned to the in-plane base vibrations. Moreover, from combined observation of loadings for PC2 against PC1 it can be stated that in the case of the ν s (PO 2¯) vibrations at 1074 cm -1 the NIR effect is better distinguished at lower temperatures, whereas for the ν as (PO 2¯) vibration at 1253 cm -1 this effect is manifested at higher temperatures. This means that in the case of the 10 NIR sample that due to the NIR radiation both on the hydrational, orientational properties of the phosphate groups as well as the local dielectric constant in vicinity of PO 2¯ are modified. The absorbance changes at 1686, 1641, 1593 and 1569 cm -1 which arise from the in-plane base vibrations dominate at temperatures above 70 o C. This means that for the thin film samples the NIR-dependent alternations in base pairing and base stacking interactions, more strongly manifested at higher temperatures, are preceded by variations in the NIR-modified hydration layer which is sensitive to temperature changes at lower range. For the 5 NIR and 20 NIR samples the phosphate symmetric and in-plane base vibrations are not affected by NIR. However, the band at 1207 cm -1 , attributed to the ν as (PO 2¯) vibration, is 46 cm -1 red shifted relative to the band at 1253 cm -1 for the 10 NIR sample, which indicates better hydration of the phosphate groups for 5 NIR and 20 NIR . The band at 1168 cm -1 , as a marker of A-form, reveals a different degree of B-A transition for the two groups of samples. Also the bands at 958 and 927 cm -1 sensitive to the changes in the B-A transition are well resolved in the loadings plotted against PC2. Based on the PCA results presented, we are able to suggest that due to NIR radiation mainly hydration pattern around the phosphate groups is modified and the extent of the changes can be modulated by the period of the NIR radiation. The advantages arising from using 2DCOS in analysis of spectra composed from many overlapped bands will be presented for a selected range of 1850-1550 cm -1 contributed by several in-plane base vibrations. The changes in base-stacking and helical stability are evidenced by the complex intensity changes of their bands. Also the synchronous spectra in Figure 7 obtained for the four data sets confirm that the changes developed in the 1850-1550 cm -1 range for the 10 NIR sample (see Fig. 7C ) have a pattern different from those for the other three systems.
www.intechopen.com ) peaks from Figures 7A, B and D allow identification of only one peak at 1712 cm -1 , the intensity of which decreased with temperature, and four peaks at 1684, 1634, 1594 and 1570 cm -1 , the intensity of which increased with temperature elevation. In the literature, there is a large diversity in assignments of the bands for the ν(C=O) vibrations. According to the most comprehensive review of this topic available to date (Banyay et al., 2003) , in the range of the ν(C=O) vibrations, a double strand (ds) to single strand (ss) transition results in a decrease in intensity of the bands at higher frequencies with a concomitant increase in intensity of the bands at lower frequencies. In addition, bands arising from the in-plane stretching modes of the C=C and C=N groups of bases and the NH 2 scissoring vibrations, located below 1650 cm -1 , gain in intensity at the ds to ss transition. In accordance with these facts are the changes developed for the 0 NIR (Fig. 7A) , 5 NIR (Fig. 7B ) and 20 NIR (Fig. 7D) systems, whereas for the 10 NIR system (Fig. 7C ) the 2D synchronous map has an additional two peaks of different sign. The peak at 1660 cm -1 arising from the ν(C=O) vibration loses intensity with temperature increase, while the peak at 1607 cm -1 is amplified. Figure 8 presents the power spectra extracted from the synchronous maps. The peaks are located at diagonal positions and their intensity is a measure of the overall extent of spectral intensity variations due to temperature elevation from 25 to 90 o C. As Figure 8 shows, for the 10 NIR system the in-plane ring vibrations from the C=C and C=N are less perturbed than the C=O vibrations during the heating process. This could mean that for the system irradiated for 10 minutes during heating the changes in base pairing predominate over the changes in base stacking. For the other system the two kinds of interaction change to a similar extent with temperature increase. The pattern of peaks at the asynchronous spectra in Figure 9 confirms the different behavior of the 10 NIR system during the temperature destruction of the ds structure. The asynchronous peaks develop at frequencies at which the intensities are changing in an uncorrelated manner. Their sign provides useful information on the sequential order of the processes developed in the course of the temperature changes from 25 to 90 o C which are detected by FTIR-ATR spectroscopy. For the 0 NIR system most asynchronous are the peaks that combine different ν(C=O) vibrations and the ν(C=O) vibrations with the in-ring. This same is true for the 5 NIR and 20 NIR systems. For the 10 NIR system the bands attributed to the ν(C=O) vibrations are asynchronously correlated only with the in-plane ring. This confirms that the base pairing and base stacking interactions are differently modified by NIR radiation. For all of the systems the changes in the base pairing interaction are ahead of the changes in base stacking. These findings are in good agreement with the available scenarios for the melting of dsDNA where pairing and stacking are treated as separate, noncooperative processes (Gonzales et al., 2009 
Stress/strain measurements in soft matters by Raman spectroscopy
Raman spectroscopy is a very powerful tool for the study of stress-induced molecular changes in natural and synthetic polymers (Amer, 2009; Koening, 2001) . The application of stress leads to changes in interatomic distances and consequently shifts the positions of the bands. Such effects have been observed in silk, wool and collagen fibre analysis (Church et al., 1998; Colomban et al., 2008; Sirichaisit et al., 2000; Wang et al., 2000) . For unstrained wool fibres, the maximum of amide I band was found at 1652 cm -1 (typical for α helical proteins) and shifted to 1672 cm -1 ( -pleated sheet conformation) in the spectrum for stretched fibres. An intensity of peak observed at 1239 cm -1 (amide III, -pleated sheet structure) increases during stretching, which confirms information obtained from amide I band analysis (Church et al., 1998) . The -transition caused by stretching silk fibres was also reported (Colomban et al., 2008) . The significant, almost linear, stressinduced shift was observed for ν(C-C) band at 1095 cm -1 in the silk Raman spectrum. Elongation of polypeptide backbone occurs when the fibre is stretched (Sirichaisit et al., 2000) . Deformation of protein backbone was also noticed for rat tail collagen (Wang et al., 2000) . The Raman spectrum of soft tissues is dominated by the structural protein bands: (CH 2 , CH 3 ) (~1450 cm -1 ), ν(C α -C) (~940 cm -1 ) and amide bands. Amide I and III bands for triplehelical collagen structure are observed near 1668 and 1248 cm -1 , respectively. Elastin exhibits bands in positions typical for unordered proteins, i.e. at 1662 cm -1 and 1250 cm -1 . Apart from protein, in skin and aorta spectra, weaker intensity lipid bands (1100-1150 cm -1 ) are to be seen. The tendon has a hierarchical structure and is composed of collagen molecules, fibrils, fibre bundles, fascicles and tendon units that run parallel to the tendon's long axis. The diameter of the fibril depends on species, age and location. Tendon also contains small amounts of elastin (~2%) (Penteado et al., 2006; Silver et al., 2003; Wang et al., 2000) . Table 6 . Major bands identified in tendon spectra (Gąsior-Głogowska et al., 2010) .
The major peaks in tendon spectra, shown in Figure 10 , are attributed to the proteins: ν(CH 2 ) (~2942 cm -1 ), (CH 2 , CH 3 ) (~1450 cm -1 ), ν(C α -C) (~940 cm -1 ) and amide bands, with maxima of 1666 cm -1 (amide I) and 1249 cm -1 (amide III). The amide I band in the unstrained tendon spectrum is strongly asymmetric and its deconvolution allowed identification of few components within 1600-1700 cm -1 : collagen (1631 and 1666 cm -1 ), hydrated water (1641 cm -1 ), elastin (1653, 1675 and 1683 cm -1 ) and aromatic amino acids (1606, 1617 and 1698 cm -1 ). In the amide III region bands assigned to unordered (1248 cm -1 ) and triple-helical (1266 cm -1 ) collagen structure are observed. The weak shoulder of the amide III band at 1239 cm -1 is due to elastin. The bands near 875, 856 and 922 cm -1 can be assigned to ν(C-C) modes of amino acids characteristic for collagen, i.e. hydroxyproline and proline. The band near 1004 cm −1 is assigned to the phenyl ring breathing mode of phenylalanine. Table 6 lists the wavenumbers of the observed bands and their assignment (Dong et al., 2004; Gąsior-Głogowska et al., 2010; Penteado et al., 2006; Wang et al., 2000) . When a pig tail tendon sample is subjected to increased levels of macroscopic strain, noticeable changes in the position of amide III bands in several stages are noted as shown in Figure 11 . The observed variations mean protein backbone alternation. A significant shift for C α -C stretching vibrations at 940 cm −1 also took place. Fig. 11 . Raman spectra of the tendon as a function of strain: A) proline-rich triple helix of collagen; B) proline-poor triple helix of collagen and elastin (Gąsior-Głogowska et al., 2010) .
The amount and distribution of elastin and collagen fibres determine the mechanical properties of the soft tissues. Spectroscopic analysis shows differing tension thresholds for rich collagen material (ligaments, tendons) and tissues containing a high amount of elastin (blood vessel walls, skin). Moreover, the stress-strain plots and the Raman spectra recorded for the circumferentially and longitudinally oriented samples of aortic wall show significant differences (Hanuza et al., 2009 ).
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